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Japanese Patent Laid-open Publication Mo. Heiaei 9-92775 



[TITLE OF THE INVENTION) 

Semiconductor Device 

[CLAIMS) 

1. A semiconductor device including a semiconductor 
chip, a lead frame having a size substantially equal to 
that of the semiconductor chip, the lead frame being bonded 
to a surface of the semiconductor chip by an adhesive layer 
interposed therebetween under the condition in which the 
lead frame is overlapped with the semiconductor chip, 
bonding wires adapted to bond inner leads included in the 
lead frame to the semiconductor chip, and a resin 
encapsulate adapted to encapsulate a region toward the 
surface of the semiconductor chip in such a fashion that it 
has a surface flush with a surface of each of outer leads 
included in the lead frame to expose the surface of the 
outer lead at the surface of the resin encapsulate, wherein 
each of the inner leads has a reduced thickness at a 
surface thereof in such a fashion that the bonding wire 
connected to the inner lead does not extend beyond the 
surface of an associated one of the outer leads, whereby 
the surface of the inner lead is lower than the surface of 
the outer lead by one step. 
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2. The semiconductor device in accordance with claim 
1. wherein the size of the lead frame is slightly larger 
than that of the semiconductor chip, and the resin 
encapsulate fills a gap defined between corresponding end 
surfaces of the semiconductor chip and the lead frame when 
the lead frame is laid on the surface of the semiconductor 
chip in an overlapped state. 

3. The semiconductor device in accordance with claim 
1 or 2, wherein the adhesive layer is disposed not only at 
a region where the inner leads are arranged, but also at a 
region where the outer leads are arranged. 

(DETAILED DESCRIPTION OF THE INVENTION) 

(FIELD OF THE INVENTION] 

The present invention relates to a semiconductor 
device using a lead frame, and more particularly to a 
semiconductor package having a thin and compact structure 
substantially equal in ei2e CQ . semiconducter ^ 
packaged therein. 



(DESCRIPTION OF THE PRIOR ART] 
^ in DRAMs (Dynamic Random Access Memories, having a 

• ^r 9 e capacity, an LOC (Lead On Chip, structure is mainly 



used which is capable of allowing a semiconductor chip 
having a large size to be packaged i„ a relatively small 
package, in order to meet a requirement of high-density 
mounting. „ owe ver, the recent demand of an increased 
capacity has resulted in a requirement of compact 
semiconductor packages having a sire reduced to a chip size 
level. Similarly, semiconductor packages for electronic 
appliances such as facsimile machines, personal computers. 
IC cards, and the like has been required to have a more 
compact structure in pace with the recent trend of those 
electronic appliances toward a compactness. Furthermore, 
such a compactness of a semiconductor package have been 
required with regard to not only the area occupied by the 
semiconductor package, but also the thickness of the 
semiconductor package. 

in order to meet such requirements, a semiconductor 
device has been proposed which is called a «CSP (Chip Scale 
Package," (Japanese Patent Laid-open Publication No. Heisei 
6-132453). i„ 8uch a csp package< ^ is partiany 

exposed at the lower surface of the package. Referring to 
«». 7 illustrating a detailed structure of this CSP 

package, a lead frame 22 havino th. 

naving the same saze as that of a 

semiconductor chip 21 is bonded r« -k 

oonaed to the waring surface of 

the semiconductor chip 21 rv,*- 

P 2». that is. the surface 21a. in 

such a fashion that their eorr... 

corresponding edges are aligned 
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with each other, by „„. ef an adhesive „ ^ ^ 
m of the l..d fraire 22 .re connected to the semiconductor 
chip 21 by mesne of bonding wires 2«. m this state .„ 
.ncsp.ul.tin, process is csrried out using . molding resin 
«• In this enc.psul.ting process, the semiconductor chip 
21 is enc.psul.ted by the molding resin 25 ,t it. portion 
tow.rd it. surf.ce 21.. thereby c.u.ing the surf.c. 22c of 
..ch outer l..d 22b to be exposed .t the surf.c. 25. of th. 
molding resin 25. 

in this „se. it is „ ecessary „ provi<Je m seeppe(j 
leed structure in order to prevent the bonding wires 2, 
serving to connect the inn er le . d . 2 , a „ ^ 5a „ iconductor 
ch,p 21 from being protruded from ^ ^ ^ ^ ^ ^ 

resin 25 flush with the surf.ces 22c of th. outer le.de 
To this end. in this co„v.„cio„.l example. th . lead 
freme 22 is subjected to . down-s.tting process so th.t 
«ch inner le.d 22. i. le „ er than an ^ ^ ^ 

outer le.ds 22c by on. step. 

tSUB^CT MATTERS TO BE SOLVED By THE IN VEKT 10NJ 

in .ccord.„ce with the sbove mentioned convention.! 

technique, compactness of . «.„<,,..... 

""'conductor package can be 

'Chived with regard to not only th . at „ occupied 
semiconductor package, but .,.„ th . o£ 
—conductor package. However. 5lnca chis , 
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provides a stepped lead structure by down-setting the lead 
frame, it requires a machining depth exceeding the lead 
thickness. For this reason, it is impossible to produce a 
package having a thickness less than the machining depth. 

Where the semiconductor chip 1 has the same size as 
that of a package to be produced, the package may have a 
minimized size. However, if the semiconductor chip l has a 
non-uniform size, it may be damaged by a mold during an 
encapsulating process using the molding resin. 

Furthermore, the lead frame may be in a state 
insufficiently fixed in a thickness direction at its 
portion near the outer leads during the encapsulating 
process because the bonding and fixing of the lead frame to 
the semiconductor chip is achieved at a portion of the lead 
frame near the inner leads. As a result, the molding resin 
may spread in the form of a thin film on the outer lead 
surface. m this case, it is necessary to shave off the 
resin film coated on the outer lead surface. 

An object of the invention is to solve the above 
mentioned problems involved in the prior art. and to 
provide a semiconductor device having a reduced package 
thickness. Another object of the invention is to provide a 
semiconductor device having a structure capable of 
preventing its semiconductor chip from being damaged during 
an encapsulating process using a molding resin. Another 
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cb 3 « t or c„. inventicn is to provide m semicOTduet ^ 
device hsving . 6tn)cture capaue ef 
»*.ir.«nt £or lt , outer lead ^ ^ ^ ^ 

•fter an encapsulating process . 

.(MEANS FOR SOLVING THE SUBJECT MATTERS) 

The present inventicn provide. . s.miconduetor device 
inching . semiconductor chip. . a .ed frame having . ei2e 
.ubst.nti. lly « to that of the semiconductor chip, the 
lesd ,r.„. being tended to . surx.ee o £ 

chip »y .„ .dhesive lay .r interposed therebetween under the 
coition in „ hich th . £r _ ^ ^ ^ 

semiconductor chip, bonding „ ires .d.pt.d to bond inner 

ds '^^^ in "» »"« « ^. semiconductor chip 

»<■ • resin enc.p.u la t. ed.pted to .nc.psui.t. . region 
«-rd th. surt.ee oi th. semiconductor chip i„ such . 

- l..d. in Cl ud.d in th . le . d frame to ' . xp0M the 

bondmg wire connected to the inn,. , , 

. M thC lnner does not extend 

beyond the surface of an assoc.,*. ^ 

an associated one of the outer leads 
whereby the surface of the inn. , 

lnner Iead iS lo-er than the 
^rface of the outer lead by one step. 
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In the semiconductor device of the present 
invention, the size of the lead frame may be slightly 
larger than that of the semiconductor chip. In this case, 
the resin encapsulate fills a gap defined between 
corresponding end surfaces of the semiconductor chip and 
the lead frame when the lead frame is laid on the surface 
of the semiconductor chip in an overlapped state. 
Accordingly, it is possible to effectively prevent the 
semiconductor chip from being damaged. The adhesive layer 
may be disposed not only at a region where the inner leads 
are arranged, but also at a region where the outer leads 
are arranged. In this case, it is possible to prevent the 
molding resin from spreading on the outer lead surface. 

[PREFERRED EMBODIMENTS OF THE INVENTION] 

Hereinafter, preferred embodiments of the present 
invention will be described in detail in conjunction with 
the annexed drawings. Fig. i i 8 a cross-sectional view 
illustrating a CSP structure in which a lead frame 4 having 
the same size of a semiconductor chip 1 is bonded to the 
semiconductor chip l. 

The semiconductor chip i is provided at its wiring 
surface, namely, a surface la. with bonding pads 2. These 
bonding pads 2 are arranged in the vicinity of the central 
portion of the surface la. The lead frame 4. which is 
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attached to the surface la of the semiconductor chip i, has 
the same size as that of the semiconductor chip 1. The 
lead frame 4 includes inner leads 4a adapted to come into 
contact with the semiconductor chip 1, and outer leads 4b 
each serving as an external terminal. The attachment 
between the semiconductor chip 1 and lead frame 4 4 . 
achieved by overlapping the semiconductor chip 1 and lead 
frame 4 with each other in such a fashion that each end 
surface 1c of the semiconductor chip i is aligned with an 
associated one of end surfaces <d of the lead frame 4. and 
interposing a double-sided adhesive tape 3 between the 
overlapped semiconductor chip i and lead frame 4 . 

The lead frame 4 has a structure not bent, but having 
a reduced thickness at a desired portion thereof. That is 
each inner lead 4a has a coining portion 5 having a 
thickness less than that of an associated one of the outer 
leads 4b. The coining portion 5 is formed by coining a 
surface of the inner lead 4a opposite to the bonding 
surface of the inner lead 4a. that is. a surface 4c. 
Accordingly, bonding wires which connect the inner leads 
<* to bonding pads 2 of the semiconducCor ch . p i 
respectively, have a height lower than a surface of each 
outer lead 4b opposite to the bonding surface of the outer 
*ead 4b. that is, the surface 4c. 

for the coining portion * 

s portion 5 of each inner lead 4a 
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arranged" at a level lower than the surface 4c of the 
associated outer lead 4b by virtue of the above mentioned 
thickness reduction, a silver plating process is conducted 
to form a silver plating film 6. The coining portions 5 
formed with the silver plating films 6 are connected with 
the bonding pads 2 arranged near the central portion of the 
semiconductor chip i by means of the bonding wires 9, 
respectively. since each coining portion 5 is arranged at 
a' level lower than the surface 4c of the associated outer 
lead 4b by one step, the associated bonding wire 9 can be 
controlled to have a height lower than the surface 4c of 
the outer lead 4b. 

An encapsulating process using a molding resin is 
conducted at a region toward the surface la of the 
semiconductor chip i, thereby forniing fi resin encapsulate 
8. The thickness of the resin encapsulate 8 is determined 
in such a fashion that the resin encapsulate 8 is flush 
with the surfaces 4c of the outer leads 4b at its surface 
The inner leads 4a and bonding wires 9 are 
encapsulated by the resin encapsulate 8 so that they are 
protected. The surfaces 4c of ^ ^ ^ ^ ^ 

exposed at the surface 8a of the resin encapsulate 8. l„ 
order to reduce the area of the package while reducing the 

thickness of the package, the ~«<„ 

r » * une resan encapsulate e is 

prevented from extending beyond e * r*K 

1 ,a eac « end surface 4d of the 



lead frame 4, each end surface ic of th* 

or the semiconductor chip 

lc. and the .urj.ee lb of the semiconductor chip l. 

Since the semiconductor p.c)c. 9 e configured „ 
mentioned ebov. he. . stepped !..„ structure fermed usin3 , 
e=inin 3 proc.ee. it ie ufln.ee.s.ry for it. a..d freme to b. 

eemico „ ductor p „ ck . ge hM a thic)mess 

eorr.spondi„ 3 to the sum of the thiehnes. of the 
eemieenducter chip. th. tniCcn... of th . douWe . sided 
•dheeive t.p.. and the thickn „ s of ^ ^ ^ ^ 

thicks, of th. s.mieonduc t or p.c*. 3 . can be „ inimi „ d 
b.c.ue. the a. ad portio „ o£ the semiMnduccor package 
-vow., no m ac hini„ 3 depth . correspondi „ 9 „ ac ^ ^ 
ti-s the ie.d chiefs. required . 

ln fsbri "»=n of the .bov. mentioned 

..miconduccor p.ch.o.. the le .d freme < used ee fabricite 
the semiconductor pee*.,. ia arran9ed wit „ respecc ^ ^ 
•emiconductor chip i ln such a f.shion th.c it. resin da „ 

" «t.n d . lo „ 9 the peripher>1 eage ; of 

.semiconductor chiD 1 („4i .. j . 

cmp i mdicated by dotted lines in Fig. 2 , 

bo as to align each end surface as ~* u 

rIace 8b o£ the resin encapsulate 
8 with the associated end surface i e of Ph 

ace lc of the semiconductor 

chap 1. xhe mold 

m the fabrication of the 

semiconductor package has a size suW„^ • 

size substantially equal to the 

s "e of the semiconductor chip a Th „ _ . 

H The resin encapsulate 8 

*s molded only at a region toward E h. 

toward the surface la of the 
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semiconductor chip 1 while being prevented from spreading 
on the surface lb of the semiconductor chip 1. Each resin 
dam bar 17 is cut along the associated end surface 4d of 
the lead frame 4. 

After molding, the resin dam bars 17 are cut from the 
mold, thereby achieving a separation of the leads 4a and 
4b. It is desirable that, prior to the cutting of the 
resin dam bars 17, a silver plating film 7 providing a good 
flowability of solder is formed on the surfaces 4c of the 
outer leads 4b exposed at the surface 8a of the res in 
encapsulate 8. The formation of the silver plating film 7 
may be conducted simultaneously with the formation of the 
silver plating film 6 on the coining portions £ Qf fche 
inner leads 4a. m this case, it is unnecessary to conduct 
«n external solder plating process for the surfaces of the 
outer leads 4b. Accordingly, it is possible to reduce the 
costs. Also, there is an advantage in that the number of 
processes, which may damage the package "after the 
•completion of the molding process, is reduced. 

In accordance with the fabrication method according 
to the present invention, it is possible to use the 
fabrication process for U>c lead frames and the resin 
"hiding process associated therewith as they are or while 
Partially eliminating them. Therefore, it is possible to 
9btain a package having a more compact and thinner 
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structure while being equivalent in costs, as compared to 
conventional molded packages. 

In the semiconductor package structure shown in Fig. 
1, however, if the semiconductor chip 1 has a deviation in 
size, the mold may then damage a part of the semiconductor 
chip 1. This is because the package "has the same size as 
the semiconductor chip l at its molding region. Such a 
problem can be eliminated by setting the molding region to 
have a size slightly larger than that of the semiconductor 
chip l. Where the lead frame 4 is fabricated to have a 
size slightly larger than that of the semiconductor chip 1, 
and the mold is constructed to have a size corresponding to 
a region defined by the resin dam bars 17 defining the 
slightly increased size of the lead frame 4, the mold does 
not come into contact with the end surfaces lc of the 
semiconductor chip 1 even when the semiconductor chip 1 has 
a deviation in size. Accordingly, it is possible to 
prevent the semiconductor chip 1 from being -damaged. 
Although there is a gap G defined between each end surface 
4d of the lead frame 4 and the associated end surface lc of 
the semiconductor chip 1, this gap G is filled with the 
molding resin 11 during the formation of the resin 
encapsulate 8. Thus, the end surfaces lc of the 
semiconductor chip 1 are protected by the mold resin 11 
after the formation of the resin encapsulate 8. 
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Furthermore, in the semiconductor package structure 
shown in Figs, i and 3, if the lead frame is in a state 
insufficiently fixed in a thickness direction at its 
portion near the outer leads 4b by the double-sided 
adhesive tape 3 arranged at the inner lead region during 
the encapsulating process, the molding resin may spread in 
the form of a thin film on the surface 4c of the outer 
leads 4b. in this case, it is necessary to shave off the 
resin film coated on the surface 4c. The phenomenon of the 
molding resin spreading on the ou^er lead surface 4c can be 
effectively prevented by interposing a double-sided 
adhesive tape 13 having the same thickness as the double- 
sided adhesive tape 3 between the semiconductor chip and 
the outer leads 4b in the vicinity of the periphery of the 
package, a combination of the structures shown in Figs. 3 
and 4 may also be used. 

Although the silver plating film 7 is formed over the 
entire portion of the surface 4c of each outer lead 4b in 
the structure of Fig. i. 3 or 4, this may inevitably result 
in an increase in costs because of an increase in the 
amount of silver used. However, the amount of silver used 
can be reduced by reducing the area coated with the silver 
Plating film, as indicated by the reference numeral 14 in 
Pig. 5. In this case, there is an advantage in regard to 
costs. The reference numeral is denotes an area plated 



13 



»-92775 



with no silver plating film. 

Fig. 6 illustrates an example in which a solder 
Plating film is is forroed on the surf&ce ^ ^ ^ ^ 

lead <b. As described above, the formation of the solder 
Plating film on the surface of the outer lead 4b inevitably 
involves an increase in the number of processes damaging 
the package, of course, this is not avoided in the present 
invention. 

in the above mentioned embodiment of the present 
invention. « semiconductor chip w.s used which h.s . 
thickness ox 0.3 mm. me l..a frame used has . thickness 
°f o.ii mm. Also, the doubl.-.ided adhesive t.pe has a 
tot.! thickness of o.os mm. The inner leads were subjected 
to a coining process to have coining portions having . 
thickness of „.o 75 «. Although t „. ^ 

-«d as . method for reducing the thickness of the i„„. r 
leads, a haaf-etching process mav be used. Aathough th . 
double-sided adhesive tape was „..„ .. . ^ f _ 
"caching th, semiconductor chip to the lead frame. .„ 
sdhesive may be simply use d. 

(EFFECTS OF THE 1NVENT10NJ 

l«d .tructurelrproWoeoVrnr • "epped 

<* each inner lead AccordiL?v C "°" in the thickness 
• -.Chining depth exceed th.^i.ad " . u ""«ess.ry to give 
— ing depth is retired' t^'U^l'U method\„ 
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produce a semiconductor oaek.-I * < 4t is Possible to 
Since the aead SSSta. 1 ? 0 ^ f edu « d thickn.... 

of the semiconductor chip in accordSi^ than that - 

invention, it i 8 possible to iSfSSSS * the P rese « 
semiconductor chin from H.7° e f fectiv ely prevent the 

Moreover, £ ilpo^SL^™ 9 ** by the 
from spreading on thi surra~« f ? P " venc the molding resin 
the adhesive adapted to th ! ° Uter lead " because 

of the semiconductor £££ alsVa'n^T* t0 thc 8urfa " 
leads. Accordingly, it a PP lie d to the outer 

outer lead surfa?„. Necessary to .have off the 
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5S2.'S27«. «*~ CP 0, bonaec U,>, a .ead fra.e ( 4, The 
ad fit consists of an inner lead (4a) an d « o»» ad ^ ^ 

- ; ^^^^^^ - coi,ductor ** f,om 

damage. (5pp Dwg.No.2/7) U11-D03A1 
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Japanasa Patant Laid-Opan Publication No. Baisei 9-6205 

TITLE OF THE INVENT: ZS] 
RE SIN- ENCAPSULATED SEK'I lOND'JCTD?. C-VIZZ 

:' CLAIMS j 

1 • A -esi.-.-encapsula-.ed semiccr.ducttr s'»v -» ••<=•-- 
a* lead frame which is shaped in. accordance with a twc-step 
etching Process to a body wherein a thickness cf i-ner 



^=s is less than that cf the lead frame clank, 
comprising: 

inner leads having the thickness less than that cf the 
lead frame blank; and 

terminal columns integrally connected to the inner 
leads and having the same thickness with the lead frame 
blank, the terminal columns possessing a cciumr.-shaped 
configuration which is adapted to be electrically connected 
to an external circuit, the terminal columns being disposed 
outside of the inner leads in a manner such that they are 
coupled to the inner leads in a direction orthogonal to the 
thickness-wise direction thereof, the terminal columns 
havir.g terminal portions arranged on top ends thereof, the 
terminal portions being made of solders, etc. and exposed 
to the outside beyond a resin encapsulate, each inner lead 
possessing a rectangular cross-section and having four 



surfaces incl-di.-.o a f<- st s . 

i-.s k s—.cce, a second surface, 

third surface and a fourth surface, --e e * 

flushed with one surface of a remaining =0 .-.~ 
ir.-er lead having the sane thickness with the lea- 
blank while being opposed to the second surface, and ,a 
of the third and fourth surfaces having a concave sha. 
depressed toward the inside of the inner lead. 

2. A resin-encapsulated semiconductor device user 
a lead frame which is shaped in accordance wi-_h & - wc _ st£ 
etching process to a body wherein a thickness of inne 

leads is less than -* - _ Q 

c " w - — • le « frame blank 

corner i sing : 

ir.ner leads having - whe thickness less than that of the 
-ead frame blank; and 

terminal columns integrally connected to the inner 
leads and having the same thickness with the lead frame 
blank, the terminal columns possessing- a column-shaped 
configuration which is adapted to be electrically connected 
to an external circuit, the terminal columns being disposed 
outside of the inner leads in a manner such that they are 
coupled to the inner leads in a direction orthogonal to the 
thickness-wise direction thereof, portions of top ends of 
the terminal columns being exposed to the outside beyond a 
resin encapsulate, each inner lead possessing a rectangular 
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cross-section and having fo , r ,,, r?ac „ i.^,.,^^ . , 
surface, a seccnd surface, a e ..---~ a • 

surface, the first surface beir.j flushed with c.-.e s— s -o 
= f a remaining portion of the i-.-.er lead having the. same 
thickn... with the lead frame blank . while be i.-.g cpccsed t: 

the seco-c surface, and each cf the t.-.ird a.-.d * - 

surfaces having a concave shape z^pzessez toward the inside 
of che inner lead. 

3. The resin-encapsulated se.-.iconductcr device as 
claimed in claims 1 or 2, wherein a semiconductor chip is 
received inward of the inner leads, and electrodes of the 

semiconductor chip are electrically connected to the inner 

leads through wires, respectively. 

<• The resin-encapsulated semiconductor device as 
claimed in claim 3, wherein the lead frame has a die pad, 
and the semiconductor chip is mounted ontG the die pad. 

5. The resin-encapsulated semiconductor device as 
claimed in claim 3, wherein the lead frame does not have a 
die pad, and the semiconductor chip is fastened to the 
ir.ner leads using a reinforcing fastener tape. 



6. The resin-encapsulated semiconductor device 



as 
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claimed in claims 1 or 2, where,, the semiconductor ch:c . 
fastened by means of insulating . dhMiva _ £ _ he g _ 
surfaces of the inner leads or. cne surface there - = - 
:r.e electrodes ere located, 6r .d the electrcdes cf 
semiconductor chip are electrically .connected t= the f:r_ 
surfaces of the inner leads through wi res . respectively. 

The resin-encapsulated semiconductor devi^ as 
Claiae - LT ' Cla ^ S 1 " 2 ' ^-in the semiconductor chip i s 
-"tened to the second surfaces of ,he inner leads by dumps 
thereby to be electrically connected to the inner leads. 

[DETAILED DESCRIPTION OF THE INVENTION J 
I EI ELD Or THE INVENTION J 

"I. Present invention relates to a resin . 
encapsulated semiconductor device capable of ,eeting zhe 
retirement fcr an increase in the number of terminals and 
resolving problems which are caused in association with 
position shift and coplanarity of an outer lead. 

[DESCRIPTION OF THE PRIOR ART) 

FIG. 15(a) shows the configuration of a generally 
known resin-encapsulated semiconductor device ,a plastic 
lead frame package). The shown resin-encapsulated 

semiconductor device includes a die pad 1511 having a 



smo vj 



4 



semiconductor chic 2520 no,,:e= thereon, outer • = 

« =e electrically connected , c rhe „„ cii = 0!j =i ]_.'[ 
i.m.r leacs 2522 formed integrally w— .... 

:::3. bsr.sin, „ ir „ :520 ;=r . ; .„ ric ,.. v _ 

semi rendu ctcr chio "20 =^ - 

•-? ~<0, and c resin 2540 encccsu'a 

semiconductor chip 2520 to protect the *emicondu=-V/_,7 
»« external stresses and contaminants, rhis ^ 

encapsulated semiconductor device. after mounts -, e 
semiconductor sfcip :52C „ ^ ^ 

manufactured dy e,ca ? sulati, g se , iCcn=uct5r ^ , ^ 

the resin, m .his resin-encapsuiaced semiconductor 
^vi = e, number of ,, e inner lefids ^ ^ ^ 

° f :re bonding pads 2521 of 

semiconductor chip 2520. 

ri3. 15(b) shows the confi = ura-o- 

---co., c. a monolayer lead 

frame used as an assembly mem—- -* 

* n « -esm-encapsulated 

semiconductor device shown in .-- -5- c „ , 

^o. Such a lead frame 

semiconductor chip. th. lBe . r , eldJ , MJ „ 
connected «. t , e s .„., com , JC[or c ,, p ._ he outer !e>a 
"hich i, !„..„„, Blth Ehe irner . eaaj , S!2 ^ jo ^ 

•Lctricliy connected t , c , e eeeocieted circuits. rnis 

* J *° i!,ClU< ** *" >*" »" '—in, .. . dam wh .„ 
encepsuietin, sen , iconduc „ r eMp ^ ^ ^ ^ ^ 

ireme 15,5 e.rvin, to , opport t „, . nUrt ^ 



Such a lead frame is formed from a higlily ssr . dac .. v ; ^ 
such as a cobalt, <2 ailoyfa <2» Ni-re alley;, rc=oer-= 
alloy by a pressing working process or ar. etchino ---- 



a =e 

5 55 



r:3. ISjbMOj is a cross-sectio-el view - eke - . : .. = ... 



miniaturi 



e T-.-T2 of r:c. 2 5(b) ( -T j . 

r.ece.-.tiy, there has been growing demand f= r te 
aticn and reduction in thickness of resin- 
encapsulated semiconductor device employing lead f rasi „ 
like the lead frame (plastic lead frame package; and the 
increase cf the number of terminals of resin-encapsulated 
semiconductor package as electronic apparatuses are 
-iniaturited progressively end :he degree of the 
integration of semiconductor device increase progressively. 
Thus, recent resin-encapsulated semiconductor package, 
particularly c.ad plate package { ;r?s > and thin quad flat 
packages ,7QFP.l have each a greatly increased number of 
pins. 

Lead frames having inner leads arranged at small 
Pitches among lead frames for semiconductor packages are 
fabricated by a photolithographic etching process, while 
lead frames having inner leads arranged at comparatively 
large pitches among lead frames for semiconductor packages 
are fabricated by press working. However, lead frames 
having a large number of fine inner leads to be used for 
forming semiconductor packages having a large number of 
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Pi" are fabricated by sub; e c :; ,. : . bu , k cf , 

th. order of 0.» „ „ a, .„.,,„ pw .„ f ^ , ^ 

working. 

The etching process for fcrm.r.g a : ££ = fri . f 
fire inner leads will be cesrr,bed hereinafter 
reference to r:c . :< . rir , s# , _ ?er ^ ^ ^ ^ 

thin sheet of a thickness on the order of c.23 m.m : 3 

fr«. blank i.10) is cleaned perfectly tF2Sm 7he ,, 

5 photoresist, such as a water — -«.^ • 

~- e -*sein pr.otcresist 

containing pet ass i urn dichr=-=-« se - 

s • e "" ::v ' 9 a?ent, is 

spread in photoresist films ' -2~ -••«»- 

-.«.- -.e. .he ma;or surfaces of 

the thin film £s shown in TZZ. Zi ;b; . 

Then, the photoresist fi-, are exposed, through a 
-ask of a predetermined pattern, co light emitted by a 
high-pressure mercury lamp, and the thin sheet is immersed 
in a developer for development to form a patterned 
photoresist film ; 430 as show, ,n r:c. U <c> . Then, the 
chin sheet is subjected, when need.be, to a hardening 
Process, a washing process and such, and then an etchant 
containing ferric chloride as a principal component is 
sprayed against the thin sheet 1C10 to etch through 
portions of the thin sheet :< i0 not coated with the 
patterned photoresist films 2020 so that inner leads of 
predetermined sizes and shapes are formed as shown in FIG. 



14 (d) . 
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After 



... "hen, the patterned resist films ere - e — - e - 

P5::ernSd ^ SheSC "™ -he, to ccmclece T • ^ 

^-e havi, ? r , e inner Ie£ds cf ^ ^ ~ 

?:S. Predetermined areas cf -- e - 

*" c - = = - -rare t.---« 
formed by zr.e etching process are .silv— — • 

being washed and dried, an adhesive poiyi-de 
« one inner leads for fixation, predetermined tad bars 7 J 
bent ' Wh6n b6 ' the «• .-d depressed. :n 

— g process, the etchanc etches the thin sheet ^ 
-e direction cf the thinness and directions 
« --,e thi = ,ness, which limits the miniat.ricaticn cf ,, ner 

?itCh6S Cf Ie£d che chtn sheet is 

etcned from both the ma jo- 

~ su --- ce s as snown in FIG. -4 

intervals between the lines a-e •- 

a.e ... .he range of 50 :o 10C% 

S .n.r.Uy, th . thlckn . ss „ ; ^ ^ ^ ^ 

0.125 « or ,bov.. r orth , rmote , th . v . cth of . nner 

le " S *"*' be in the •« « « eo o. foI successful 

»» bo„di„,. h ., en th . etchi „, process as U!ostratea <b 

6f a s™ aii :hi c k „.„ la of „ ^ o ]5 ^ 

» u,« «d inn..- :ea ds „. formed by ^ ^ ^ 
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fine tips thereof are arranged at a pitch of abcu- * 

However, recent .Ti.nietuie resir.-encaciula- 
sen.iccnducccr package retires i.-.r.er leads arra.-.csb 
pitches ir. the range =f C.12 tc 1.15 f ar seller :: 

C.lcS Khe.n a lead fra.-.e is fabricated by zzzzzss-.z 

thin sheet of a reduced thickness, the strength cf t 
outer leads cf such a lead frame is not large enough 
withstand external forces that .-.ay be applied thereto 
the subsequent processes including an assembling proce: 
and = chip mounting process. .-.cccrci.-.giy, there is a .Lit.: 
=c the reducticn of the thickness of the thin sheet t 
enable the fabrication of a -mute lead frame having fir 
leads arranged at very small pitches by etching. 

An etching method previously proposed to cvercom 
such difficulties subjects a thin sheet to an etchin 
process to form a lead frame, after reducing the thicknes. 
of portions cf the thin sheet corresponding to the inne; 
leads of the lead frame by half etching or pressing to for* 
the fine inner leads by etching without reducing the 
strength of the outer ieads. However, problems arise ir. 
accuracy in the subsequent processes when the lead frame is 
formed by etching after reducing the thickness of the 
portions corresponding to the inner leads by pressing; for 
example, the smoothness of the surface of the plated areas 
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^ unsatisfactory, the inner leads cannot be fcr.-.ec ; - 
--lerr.ess and a dimensional accuracy required to , h 
lead frame accurately for bcr.ti.-.g and mclcinu. and 
platemakmg process must be re=e=:ec tV- 

- ~ - ...c r — r . f 5 

fabricating process intricate. -- e »-., r 

-- - - a.sc necessary - - 

repeat a platemaking process t,- =e when the thickness -_z 
zr.e portions of the thin sheet corresponding to the inner 
leads is reduced by half etching before subjecting the thin 
sheet to an etching process fcr forming the lead frame,' 
which also makes the lead frame fabricating process 
intricate. Thus, this previously proposed etching method 
has not vet been applied to practical lead frame 
fabricating processes. 

•ISUSJZCT XATTEP.S TO 3£ SOLVED ay ?H r rNVENTlONJ 

Cn the ether hand, because a pitch among inner leads 
is made narrow as the number of terminals is increased, it 
is considered important to know whether a problem is caused 
or not in association with position shift or Ccplanarity of 
an outer lead when implementing a chip mounting process. 
Accordingly, the present invention has been made in an 
effort to solve the problems occurring in the related art, 
and an object of the present invention is to provide a 
resin-encapsulated semiconductor device capable of meeting 
the requirement for an increase in the number of terminals 
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end resolving problems which ere caused in assoc; 
position shift and co?ianeri-.y c: a.-, outer lead. 

•KSASS rCS SOLVING THE SUBJECT >:A77£?.S' 

Acccrdir.g :o one aspect zi ;he pre"-- 
there is provided a resin-enrarsulated serr.i concur: 
•-•in? a lead crane which is shaped -in acccrda.-.: 
two-step etching process to a body wherein a th- 
inner leads is less than that cf -he lead fra- 
c=mprisinc: inner leads having -.he thickness less ■ 
= -* the lead frame blank; and terminal columns i: 
tcr.nected tc -.he inner leads and having the sar-.e : 
with the lead frame blank, the terminal columns pc 
a column-shaped configuration which is adapted 
electrically connected to an external circuit, the 
colu.-r.ns being disposed outside of zhe inner leac 
manner such that they are ccupled to -.he inner lea 
direction orthogonal to the thickness-wise di 
thereof, the terminal columns havin, terminal P 
arranged on top ends thereof, the terminal portion: 
made of solders, etc. and exposed to the outside b€ 
resin encapsulate, outer surfaces of the terminal c 
also being exposed to the outside beyond the 
encapsulate, each inner lead possessing a recta 
cross-section and having four surfaces including a 
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surface, a second surface, a third surface and a :c. 
surface, the first surface be-; flushed w:tr. ::, 5 S ur: 
cf a rer.c_r.ing poitior, of tne ir.r.er lea: havir.s the c 
thick-ess with the lead frame clan,: while being rcccsec 
the second surface, and each cf the third an: - ~ 
surfaces having a concave shape depressed toward the ins; 
cf the inner lead. 

According to another aspect of the present inventic 
there is provided a resin-encapsulated semiconductor dev. 
using a lead frame which is sr.tpez in accordance with 
twc-step etching process to a body wherein a thickness 
inner leads is less than that cf the lead frame blani 
comprising: inner leads having the thickness less than the 
cf the lead frame blank; and terminal columns integral: 
connected to the inner leads and having the same thicknes 
with the lead frame blank, the terminal columns possessir. 
a column-shaped configuration which is adapted to b 
electrically connected to an external circuit, the termina. 
columns being disposed outside of the inner leads in c 
manner such that they are coupled to the inner leads in a 
direction orthogonal to the thickness-wise direction 
thereof, portions of top ends cf the terminal columns being 
exposed to the outside beyond a resin encapsulate, outer 
surfaces of the terminal columns also being exposed to the 
outside beyond the resin encapsulate, each inner lead 
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possessing a rectangular cross-section and havir.c fz 
surfaces including a first surface, a sezcr.d surface, 
tnird surface and a fourth surface, the first surface rei- 
flushed with one surface of a rer.air.ir.r cert i rr. z - 
inner lead having the same ;h;:i::.€S.s with the lead 
blan.< while being opposed to the second surface, ar.d ear. 
of the third and fourth surfaces having a concave sr.az< 
depressed toward the inside cf the inner lead. 

According to another aspect cf the present invention, 
a semiccr.ductcr chip is received inward cf the inner leads, 
and electrodes fpacs) cf the semiconductor chip are 
electrically connected to the inner leads through wires, 
respectively. According to another aspect of the present 
invention, the lead frame has a die pad, and the 
semiconductor chip is mounted onto the die pad. According 
to another aspect cf the present invention, the lead frame 
dees not have a die pad, and the semiconductor chip is 
fastened to the inner leads using a reinforcing fastener 
cape. According to still another • aspect of the present 
invention, the semiconductor chip is fastened by means of 
insulating adhesive to the second surfaces of the inner 
leads on one surface thereof on which the electrodes are 
located, and the electrodes of the semiconductor chip are 
electrically connected to the first surfaces of the inner 
leads through wires, respectively. According to yet still 



&fj*o v; 



13 



US 

9-8:05 



another aspect of the present invention, the sen: — - — r 

chi P -s fastened to the second surfaces cf the inner leads 
oy bur.pc thereby u be electrically connected to tne inner 
leads. In the above descriptions, in the case tnat tne 
terr.inal ccluxr.s have terminal pcrti.ons which are arranred 
on tcp ends cf the terminal colons, with the :e:-;r.al 
portions made cf solders, etc. and exposed the outside 
beyond the resin encapsulate, while it is the norm that the 
terr.inal portions comprising the solders, etc. are exposed 
to tne outside beyond the resin encapsulate, it is not 
necessarily required for the terminal pertiens to be 
projected beyend the resin encapsulate. Moreover, while it 
is possible to use the outside surfaces of the terminal 
colur.ns while they are not encapsulated by the resin 
encapsulate and they are exposed to the outside, the 
outside surfaces of the terr.inal columns which are not 
encapsulated by the resin encapsulate, can be covered by a 
protective frame using adhesive, etc. 

[WORKING FUNCTIONS J 

The resin-encapsulated semiconductor device in 
accordance with the present invention can meet a demand for 
an increase in the number of terminals. At the same time, 
in the resin-encapsulated semiconductor device, because the 
forming process of the outer leads as in the case of using 
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mono-layered lead frame shown in TIG . :2(b: is -- 
required, it is possible to previa a semiconcurtcr :ev :: 
in which no protl art caused in asscriati w - 
position shift and colplanaricy of the cuter leads. v :r 
particularly, the use of a xult- -pinned lead frame share 
in a manner that inner leads have a thickness l i£5 
that of the lead frame clank by a two-seep etching prccess. 
chat is, the inner leads are arranged at a fine pitch, car 
m.eet a demand for an increase ir. the pin .-.umber ci the 
semiconductor oevice. furthermore, by using the lead frame 
which is fabricated by a twe-step etching process as will 
be described later with reference to TIG. 1, the second 
surface of each inner lead has coplanarity, and is 
excellent in wire-bendino property. In addition, since the 
first surface of the inner lead is also a flat surface and 
the third end fourth surfaces are depressed toward the 
inside of the inner lead, the inner leads are stable and 
coplanarity width upon wire bonding -process can be 
enlarged. 

[EMBODIMENTS] 

Embodiments of the resin-encapsulated semiconductor 
device in accordance with the present invention will now be 
described with reference to the attached drawings. First, 
a resin-encapsulated semiconductor device in accordance 
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with a first embodiment of the present invention 
described hereinafter with reference to TIGs. 
FIG. 1(a) is a crcss~sec.icr.al view of tr.e 
encapsulated semiconductor device £::::::r.c tc thz 
embodiment of the present invention . FIG. : :c) is a 
sectional view of an inner lead taken . along the lint 
of . IG. 1(a), and FIG . 1(c) is a cress-sect icnal vie 
terminal column taken along the line 51-52 of .FIG. 
Moreover, FIG. 2(a) is a perspective view cf zr.e 
encapsulated semiconductor device according to the 
embodiment of the present invention, FIG. 2(b) is a 
view cf the resin-encapsulated semiconductor device o 
2(a), and FIG. 2(c) is a bottom view of the 
encapsulated semiconductor device of FIG. 2(a). In F 
and 2, a drawing reference numeral 100 represents a 
encapsulated semiconductor device, 110 a semiconc 
chip, 111 electrodes (pads), 120 wires, 130 a lead t 
121 inner leads, i31Aa a first surface, 131Ab a s 
surface, 131Ac a third surface, 131Ad a fourth surface 
terminal columns, 133A terminal portions, 132B 
surfaces, 133S a top surface, 135 a die pad,, and 1 
resin encapsulate. 

In the resin-encapsulated semiconductor d< 
according to the first embodiment, as shown in FIG. 
the semiconductor chip 110 is placed inward of the ; 
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le4CS 12: - As c " be readily seen ?rw> r;c - 
se,.-cc.,c, s ..cr chip ::o ia mourrs , or. :he c,e pad - 
«-rf.=. therec: which is cppcsed 



:c -he 



thereof where the electrodes 



C5 



pads: ::: 

ser.i.-o.,=, = :0 r rhio no are arrar.ced.. - Sac , elec:r = = e 
--- :s electrically connected tc the se = c.-.c s 
c: --.-.e i-r.er lead 221 through the wire 120. r-e 
section between the r..i.,-.„ M p. l! i. t . d Temic^cZ- 
=evtce ICO of this embodiment a ., " 

achieved by mounting the resir.-s-g- •••- a , 

=evi= e 1— via the termina' 

■ • - s ««ch beir.o made 

= - * semi-spher.cel solder, or. a c^cec s , bs , r6te . 

W "* h P °" iOM 133A « the top surfaces 

.2,3 of the terminal columns 152, respecti velv. .... 

-sin-encapsulated semiconductor device cf th . ..... 

embodiment of the present invents, 4s Rot a . e „„_ y 
-uired to provide a protective frame 1Ml and insteao , . 

structure, as shown in FIG. •> f~i 

-(-}. _n wht-h no protective 
frame is used can be adopted. ■ 

The lead :rame 130 use{J , a ^ 

100 according to the first embodiment is made of a 421 
•^el-iron alley. Therefore, the lead frame 130, whicn 
a contour as shown in ris. 5 (a, and is shaped by an 
etching process, is used as the lead frame 130. T h-, e ad 
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thickness less than chat of the ter.-nir.al column* 123 z 
other portions. Cam bars :36 serve £s a cam *-« 
encapsulating the semiconductor chip no with - -o S - - 
Moreover, although the lead frame 13CA which is r:;:iees 
by etching to have the ccnccur as. show.-. :.- ~:z. fa 
used ir. this embodiment, the lead frame is not limit*- 
such a cc.-.ccur because portions except the inner leads 121 
ar.d the terminal columns 133 are not necessary. - The inner 
leads 131 have a thickness of <C Cm whereas the portions 
of the lead frame 120 ether than the inner leads 121 have a 
thickness of C. 2 5 mm which corresponds to the thickness of 
the lead frame blank. The other portions cf the lead frame 
130 except the inner leads 121 may not have the thickness 
of 0.1= mm. but have a thickness of 0.125 mm-0.50 mm which 
is thinner. The tips of the inner leads 131 have a small 
pitch of 0.12 mm so as to achieve an increase in the number 
of terminals for semiconductor devices. The second face 
121Ab cf the inner lead 221 has a Substantially flat 
profile so as to allow an easy wire boding thereon. Also, 
as shown in FIG. Kb), because the third and fourth faces 
131Ac end 231Ad have a concave shape which is depressed 
toward the inside of the associated inner lead, a high 
strength can be obtained even though the second face (wire 
bonding surface) 131Ab is narrowed. 

In the present embodiment, since twisting does not 
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occur in the inner leads 131 irrespective of whet.-.er t. 
inner leads 131 is long or not. The inner leads havi.-.r 
contour, a: shown in FIG. 9 (a,, - n which the tics cf 
inner .leads 131 are separated one fro- a.-.ct.-.er. =- 
prepared by -.he etching process, er.d the inner leads = 
resin-encapsulated after mounting the se-rccnd uct :: cht 
therecn as will be described later.' However, where th 
inner leads 131 are long in their length and have , 
tendency fcr the generation cf twisri.-.c therein. ^- 
impossible "= Ericas, the lead frar.e by etchi.-.g tc have 
the contour as shown in T'Z. 5:a). Therefore, after 
etching the lead frame in a state where the tips of the 
inner leads are fixed to the ccnnecting portion 1313 as 
shown in FIG. 9(c) CO, the inner leads 131 are fixed with 
the reinforcing tape 160 as shown in FIG. 9(c) (□). Then, 
the connecting portions 1313 which are not necessary in the 
fabrication of the resin-encapsulated semiconductor device 
are removed by a press as shown in FIS. 9(c) (/n), and a 
semiconductor device is then mounted on the lead frame. 

Hereinafter, a method for the fabrication of the 
resin-encapsulated semiconductor device will now be 
described with reference to FIG. 6. First, the lead frame 
230A, as shown in FIG. 9(a), which is shaped by the etching 
process as will be described later, is prepared such that 
the second surfaces 131Ab of the inner leads 131 are 
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directed upward (FIG. e(a,>). 

Then, the semiconductor chip lie is r.cu.ntec 
cie pad 125 such ...at -.he surfaces of the £ 



c.-. t c 

- • 



chip 120 or. which rhe eleccrcc-s -■- - — - 

... ce errs.-.red, 5 

directed upward ;f:g. 3(c)). 

Next, after the semiconductor chip ;; 0 - s 
onto the die pad 23S, the electrodes 221 cf ,, 
semiconductor chip lie and the second surfaces 231.:* cf Z 
inner leads 132 are bonded wi-_ h „. h other .sing wires II 
.TIG. 5(c)). 

Subsequently, encapsulation is carried out with the 
conventional resin encapsulate no. Thereafter, 
unnecessary portions of the lead frame 230 which are 
protruded fro,, the resin encapsulate 2<0 are cut by a press 
to form terminal columns 233 and also the side surfaces 
•333 cf the terminal columns 133 ;riG. 8(d)). 

Then, the dam bars 235, the frame portions 237, etc. 
of the lead frame 130A as shown in. FIG.' 9 are removed. 
Next, the terminal, portions 2:«3A each made of the semi- 
spherical solder are arranged on the outer surface of each 
terminal column 233 to fabricate a resin-encapsulated 
semiconductor device (FIG. 8(e)). 

Thereafter, the protective frame 180 is arranged by 
n»eans of adhesive around an entire outer surface of the 
resultant structure in such a manner that the side surfaces 
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cf the terminal columns 123 ere covered thereby F:z 
6(f)). At this time, the protective frame ISC f ur.ee i cr.s t 
reinforce the semiconductor device. In ether ..crcs, tr. 
prcceccive frame 1BC serves tc prevent moisture :r:m 
leaking into a cap between the res;:, encapsulate ' and :ne 
terminal columns cue to the fact that the sice surfaces : : 
the terminal columns are expesed tc the outside, wherery a 
crack is not formed in the semiconductor device and the 
breakage of the semiconductor device is avoided. However, 
persons skilled in the art will readily appreciate that it 
is not necessarily required to provide the protective frame 
1=1- Also, when such an encapsulating process by the resin 
is carried out using a desires mold, the encapsulating 
process is implemented m a state wherein the outer side 
surfaces of the terminal columns of the lead frame are 
somewhat protruded out of the resin encapsulate. 

A method for etching the lead frame of the first 
embodiment will now be described in conjunction with the 
attached drawings. FIG. 11 is cf cross-sectional views 
respectively illustrating sequential steps of the etching 
process for the lead frame of the first embodiment. In 
particular, the crcss-secticnal views of FIG. 1 correspond 
to a cross section taken along the line D1-D2 of FIG. 9(a). 
In FIG. 11, the reference numeral 1110 denotes a lead frame 
blank, 1120A and 1120B resist patterns, 1130 first opening, 
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1140 second openings, 1 ISC first concave pernors, lie 
second concave portions, 2 1"0 flat surfaces, er.c ar 
etch-resistant layer. First, a water-soluble caseir. resist 
using potassium dichromate as a sensitive agent is ccated 
ever both surfaces of the lead frarr.e blank 1111 r.aee r: a 
42t nickei-iron alloy and having a thickness cf about : . 1 5 
nan. Using desired pattern plates, the resist filr.s are 
patterned to form resist patterns 112CA and 1 12C3 having 
first opening 2120 and second openings 1140, respectively 
i?ZZ. 11(a)). 

The first opening 1130 is adapted to etch the lead 
frarr.e blank 1110 to have a flat etched bottom surface to a 
thickness smaller than that cf the lead frame blank 1110 in 
a subsequent process. The second openings 1140 are adapted 
to fcrm desired shapes of tips cf inner leads. Although 
the firs- opening 1130 includes at least an area forming 
the tips of the inner leads 1 11C, a topology generated by 
partially thinned portion by etching* in a subsequent 
process can cause hindrance in a taping process or a 
clamping process for fixing the lead frame. Thus, an area 
to be etched needs to be large without being limited to 
fine portions of the tips of the inner leads. Thereafter, 
both surfaces of the lead frame blank 1110 formed with the 
resist patterns are etched using a 48 3e 1 ferric chloride 
solution of a temperature of 5~lXt at a spray pressure of 
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2-5 ko/cm-*. The etchino =; SC «c •• , . 0 „ . 

. • — s -s terminated a: me c 

« * :1a 



of tine when first recesses ::50 etched to ;, fiv 
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etcned bottom surface ha,e a depth h correspond.- 

= f the thickness of the lead .rare blank :r:3 . = " " " 

5 Although both surfaces cf t-« ... 

-ccw . . c.-.e c _ £r/ , •••• 

are simultaneously etched in the primary ecchi.-.o 

it is net necessary to simultaneously etch both surfaces - 
the lead fra,e blank mo. The reason why both surfaces c> 
:r.e lead frame blank 1110 are si.ulta.-.ecuslv etch- as - 
" this embodiment, is „ reduce 

r . ..-r.e tsr.sr. :r, £ 

secondary etching process 5S wi; . fc# d „ crib#d ^ ^ 

tctal tir.e taken for the o a — . 

P--...C... c .. = seconoary etchino 

P-cesses is less than that taken i, the case of e: :h:ng ^ 
e«ly one surface of the lead frame blank on which ... 
-sist pattern H20B is formed. Subsequently, the surface 
.--iced with the first recesses ::S0 respectively etched 
•= tne first opening i :30 - s en=ireiy CMS#d ^ ^ 
etch-resistant hot-melt wax (acidic wax type MR - WB6 , The 

layer 1260 so as to fill up th . f irst rece$$ „ mo an{J t<> 
cover the resist pattern 1120A (FIG. 11(c)). 

1= is not necessary to coat the etch-resistant laye- 
2280 over the entire portion of the surface provided with 
the resist pattern H20A. However, it is preferred thac 
the etch-resistant layer 2 180 be coated over the entire 
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portion of the surface formed with the firs: recess 
and first opening 1130, as shown ;r. TZZ. C e; = 

is ciff icjli to cocz tr.e erch-resr *:ar.: layer ll = C r 
the surface portion including the firs: recesses 
Ai:h=uch :he e:ch-resis:ar.t lever 11 SO wax emrleyec : 
embodiment is an alkali-soluble v 5x . any suitarl 
resistant to the etching action of the e:chan: soiut:: 
remaining somewhat soft during etching may be used, 
for forming zr.e etch-resistant layer 11E0 is net limi: 
:he above-men: icr.ed wax. bu: -ay be a wax of a JV-ss 
:y?e. Since each firs: recess 11 = 0 etched by tr.e =r 
ecchino process a: -he surface fcrmed with the pa 
adapted -.o fern a desired shape of the inner lead t: 
filled up with the etch-resistant layer 1180, it is 
further etched in the following secondary etching croc 
The etch-resistant layer 1150 also enhances the mechar 
strength of the lead frame clank for the second etc 
process, thereby enabling the second etching process :< 
conducted while keeping a high accuracy. it is 

possible to enable a second etchant solution to be spr. 
at an increased spraying pressure, for example, 2.5 kg 
or above, in the secondary etching process. The increc 
spraying pressure promotes the progress of etching in 
direction of the thickness of the lead frame blank in 
secondary etching process. Then, the lead frame blank 
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subjected to a secondary etching process. In tr.;s 
secondary etching process, the lead frame blar.k 111C ;s 
etched at its surface formed witn first recesses 111-, 
having a flat etched bettor. surface, to ccmpletely 
S perforate the second recesses 116C, thereby f ermine tr.e 
tips cf inner leads 131A {FIG. 11. si). 

The bottom surface 1170 cf each recess fzz~.ee by the 
primary etching process is flat. However, both sidf 
surfaces cf each recess pcsiticr.ee at opposite sices of the 

10 better, surface 11*70 have a ecr.rave shape depressed toward 
the inside cf the inner lead. Then, the lead frame blank 
is cleaned. After completion cf the cleaning process, the 
etch-resistant layer 1180, and resist films (resist 
patterns 1120A and 11203) are sequentially removed. Thus, 

IS a lead frame 130A having a structure of FIG. 9 (a) is 
obtained in which tips of the inner leads 131A are arranged 
at a fine pitch. The removal cf the etch-resistant layer 
1160 and resist films (resist patterns U20A and 1120B) is 
achieved using a sodium hydroxide solution serving to 

20 dissolve them. 

The processes for manufacturing the iead frame as 
shown in FIG. 11, is to form by means of etching the lead 
frame having the tips of the inner leads used in this 
embodiment cf the present invention, which have a thickness 

25 less than that of the lead frame. Especially, the first 
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surfaces 131 A. of the tips of the inner leads as show., : , 
FIG. 1, are flushed with one surfaces of -ema----,- 
cf tne inner isads having the same thickness wi-_;, -_;- e gJ 
frame while being opposed to the second surfaces IJiAr, 
the third and fourth surfaces are formed to have a 
shape which is depressed toward the ins-oe cf 
leads. Where a semiconductor chip is mounted on the secc- 
surfaces 131Ab of the inner leads by means of bumps for an 
electrical connection therebetween, as in a semiconductor 
=evice according to a third embodiment as will , s cescrtbed 
hereinafter, an increased tolerance for the connection bv 
bumps is obtained when the second surface 131Ab has a 
concave shape depressed toward the inside of the inner 
iead. To this end, an etching method shown in fig. 12 is 
adopted in this case. The etching method shown in FIG. 12 
is the same as that of FIG. II in association with its 
primary etching process. After completion of the primary 
etching process, the etching method is cSnducted in a 
manner different from that of the etching method of fig. n 
in that the second etching process is conduced at the side 
of the first recesses 1150 after filling up the second 
recesses U60 by the etch-resist layer 1180, thereby 
completely perforating the second recesses 1160. At this 
time, by implementing the primary etching process, etching 
at the side of the second openings 1K0 is performed in a 
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sufficient manner. The cross section s * ea- • 

• ~- ee... ...r.er .~&z, 

including its tip, formed in accordance with -_ re e --. 
w-nod or r;G. 12, ha, a concave shape cepressed - sw-r3 ... 
inside of -.he inner lead at the serene" surfs-- ----- .. 

sr.Dwn in TIG. 6 :b) . 

The etching method in which the et=ht.-.= prccess is 
conducted a-, -.wo separate steps, respectively, £s 
cf TZZs. 11 end 12, is generally called a "two-step etchi.-.c 
method". This etching method is advantages in that a 
desired fineness can be obtained. The etching method used 
to fabricate the lead frame 13uA cf the first embodiment 
shew, ia r.G. * solves -.he twe-step etching method and 
the method for forming a desired shape cf each lead frame 
portion while reducing the thickness of each pattern 
formed. m particular, the etching method makes it 
possible to achieve a desired fineness. In accordance with 
the method illustrated in FIGs. 11 and 12, the fineness of 
the tip of each inner lead 131A formed by. this method is 
dependent on the shape of the second recesses 1160 and the 
thickness t of the inner lead tip which is finally 
obtained. For example, where the blank has a thickness t 
reduced to 50 Dm, the inner leads can have a fineness 
corresponding to a lead width Wl of 100 Dm and a tip 
Pitch p of 0.15 mm, as shown in FIG . 11(e). in the case of 
using a small blank thickness t of about 30 Dm and a lead 
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width Wl of 70 Dm, it is possible to forn inner le^c 
having a fineness corresponding :c an inner lead cit" r - 
0.12 .rut. Of course, ic may be possible to f crrr. inner _r 
having a further reduced tip pitch by adjustir.r tr.e rl-- 
thickness t and the lead width W2 That is to s&v, a- 
inner lead tip pitch p up to 0.06 r-., a blank thickness sz 
to 25 Dip. , and a lead width Wl up to <C Ct. can ire 
obtained. 

In the case where twisting of the inner leads does net 
occur in the fabricating process, as in the case where the 
inner leads are short in their length, a lead frame 
illustrated in FIG. 9(a) can be directly obtained. 
However, where the inner leads are long in length as 
compared to those of the first embodiment, the inner leads 
have tendency for the generation of twisting. Thus, in this 
case, the lead frame is obtained by etching in a state 
where the tips of the inner leads are bound to each other 
by a connecting member 1313 as shown -in FIG. 9 (Off). 
Then, the connecting member 1313 which is not necessary for 
the fabrication of a semiconductor package is cut off by 
means of a press to obtain a lead frame shaped as shown in 
FIG. 9(a). 

Moreover, as described above, where unnecessary 
portions in a structure shown in FIG. 9 (Off) are cut to 
obtain the lead frame having the contour shown in FIG. 
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?.!•). a reinforcing .ape 16: a pe2yilsldt 
generally used, as shown i, r:s. r;:;^.. Mh .' ; . 
Meeting menbei 2313 i s c: of: by B „.,, =; £ ^ 
cctai.n.the contour shown :., FIS. c • o ; . £ 

device is mounted sr. the leac :.- £ - e sttl 

reinforcing tape attached therein. A ; fo , ... 

semiccncuctcr device is encapsulated w : - s .„,. 

condition where the lead frame .. 

:ir.e E11-E12 illustrates a cut pcrticn. 

The tip cf the inner lead --- - bj> , 

2 - 6c3 trace jse: 

-j1.-. has an etched 'la- c ■ ■ - - - _ 

— . s... c . e second surface) :3iAb 

which is substantially fiat - — K 

/ -e. ...e.e.ore has a width wi 

slightly greater than the width K* -* M ^ m . 

a. ... opposite surface. 

The widths w: and W2 (abo ..- p. . 

- Ua ' £ -e more than the 

wtdth W at the central portion cf the tips when viewed in 
the direction of the inner lead thiOcness, Thus, the tip 
of the inner lead has a cross-sectional shape having 

opposite wide surfaces. t q , ni _ d 

-o -n^s end, although either of 

the opposite surfaces of the :: ? 13lA can be easily 
electrically connected to a semiconductor device ,not 
shown, by a wire 120A or 120B< ^ emboci . ment inustrates 

the use of the etched fiat surface for wi re -bonding as 
shown in „G. 13<0, (a) . In riG . „. a reference numeral 
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131Ab depicts an etched fiat surface, 2 32Aa a surfers : : £ 
iead frame blank, and 221A and :21b, respectively, =■ : ; £:f: 
portion. In the case of .-13. :5,3; ;£/< -here has 
particularly excellent in vire-bcr.dir.c prrperty, reca.se 



-he 



etched flat surface does net have rourhr.ess. r; 



13 J shows that the tip 133 25 c: the inner lead c: tr.e 
lead frame fabricated according to the process illustrated 
in FIG. 14 is wire-bonded to a semiconductor device. In 
this case, however, both the eppesite surfaces cf tr.e tir 
1221B cf the inner lead are flat, but have a wiJth smaller 
than that in a direction cf the inner lead thickness. In 
addition to this, as both the cppcsite surfaces of the tip 
13313 is formed of surfaces cf the lead frame blank, these 
surfaces have an inferior wire-bcr.dir.g property as compared 
to that cf the etched flat surface of this first 
err.boci.ment. TIG. i 3 ( — ; shews that the inner lead tip 
1332C or 13 212, obtained by thinning in its thickness by a 
means cf a press (coining) and then by etching, is wire- 
bonded to a semiconductor device (not shown) ; In this 
case, however, a pressed surface cf the inner lead tip is 
not flat as shown FIG. 23 { - ) . Thus, the wire-bonding on 
either of the opposite surfaces as shown in FIG. 13(-)(a) 
or FIG. 13<-)(b) often results in an insufficient wire- 
bonding stability and a problematic quality. The drawing 
reference numeral 1331Ab represents a coining surface. 



30 



9-8205 



A modified exanDle of - - e • - 

semiconductor device in ecccrde.-.ce w-- »- e .- 
embodiment of the present invention will desc- ■ - 
.-.erei.-.after. FIGs. 3(a) thrcuch ~ 



9WS c: the -edified example cf 



• * re t s s-; e r t : : - i 
he resi.-.-e.-.cacsula- er 



semiconductor device in acccrca.-.ee w :: , :he ; . rs , 
embodiment cf che present invention. The semiconductor 
device of the modified example as shown in TZZ. 3;a), - s 
different from that of the first embodiment in that a 
position of the die pad 135 is cr.ar.ged, that is, the die 
.=£= 135 is expesed to the outside. 2y the fact that the 
cte pad 13= is expesed to the outside, the heat dissipation 
property is improved as compared to the first embodiment. 
Also, in the semiconductor device of the modified example 
es shown in FIG. 3(b), because the die pad 135 is exposed 
to the outside, the heat dissipation property is improved 
as compared to the first embodiment. Unlike the first 
embodiment or the modified example as shown- in FIG. 3(a), 
in the present modified example as shown in FIG. 3(b), 
because a direction of the semiconductor device 110 is 
changed, the first surfaces of the lead frame are 
established as the wire bonding surfaces. The modified 
examples as shown in FIGs. 3(c), 3(d) and 3(e), illustrate 
semiconductor devices which are obtained by modifying the 
semiconductor devices of the first embodiment, the modified 



example as shown in FIG. 3(a, and the modi-.- ex^.cle £c 

shown ir . FIG. 3(b), wherein the serr.i- S3 --.- • • ..... ' 

* ere £ r<? 

r.cz used, and instead, the tc? surfaces c: -.-.e • 

tclu-r.s are directly used as the ter-ir.al o .. 

• -..erery 

ar. er.:;.-e r.a.-.uf actur ing procedure car, be sir.?!; f :ed. 

•'•'e.xt, a resin-encapsulated se.-r.i concur: or device - 
accordance with a second embodiment cf the oresent 
invention will be described. FIG. < ,3, i s a cross- 
seczizr.zl view of -es * --«-^»~c * 

=evice in accordance with the seccnd embedment cf the 
Present invention, FIG. < ,b> is e crcss-sectic.nai view 
illustrating inner leads, taken along the line A3-A4 cf 
-"G. and F16 . <(CJ , s a cross . sec .. oral 

illustrating a terminal column, taken along the line B3-34 
of r;-. <(a)> Because a . ou . er ap?earapce of . 

••eleor.due-.or device of the second embodiment is 
substantially the same as that of the first embodiment, it 
is not illustrated in the drawings. In FIG." 3, the drawing 
reference numeral 200 represents a semiconductor device, 
220 a semiconductor chip, 211 electrodes (pads,, 220 wires, 
230 a lead frame, 231 inner leads. 231Ab a second surface, 
231AC a third surface, 23IAd a fourth surface, 233 terminal 
columns, 233A terminal portions, 233B side surfaces, 233S 
top surfaces, 2.0 a resin encapsulate. and 270 a 
reinforcing fastener tape. In the semiconductor device of 
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this second embodiment, the , 

*ne -£cc .ran* 230 does not have 
di e pad, the semicone'uc-— . 

>-••-.- is fastened -- 

inner leads 231 by the rei.nfcrcirc . 

* -c a .e..e. tape 2 "C , a.-. 

tr.e semiconductor chip 210 is electrical- 

electrodes , P ads) 221 to the M.^^J^y^'l 

in«.r leads 231 by wires 22c . ..^ ^ ^ 

second embodiment, similarly to the fir „ embodiment, -e 

electrical connection between -k- 

e " n * ns ^^.-encapsulated 

semi conduct cr device 200 of 

~-s e.^odiment and an externa i 

circuit is achieved by - 0 ------ -• 

•» , .ne resin-encapsulated 

semiconductor device 20C va -w a - , 

'-«= -e -ermtnal portions 23^A 

each being made of a semi-sohert ca 2 so'de- a , 

so_der, on a printed 
circuit substrate, with the ^ • 

-e.m_.. c _ portions 233A located 

on the top surfaces 232S of zhe c-«n^.i . • 

-••e t ..m_nal columns 233, 

respectively. 

In addition, the semiconductor device of -k- 

aevice of this second 

embodiment does no: have a d'e >. 

e a o.e ._ao as snown in FIGs. 10(a) 

and l0 , b) . The m .„ ufac:urin , „ ethod of sti>lceMuctor 
<evic. of tM , embodi „ en: U5ln9 th . lejd fr>M , j3M uhich 
i. .h.p. d by th . . tcMn , pnnn Js Jub5tantijlly ^ 
« thac of « h . „„, emSodi . T , e , ; ex=e?t thjt uMie ^ 

° f irIt «• pro.... an, 

r..i„ .„o.p sul . tin , ?rocess ... pe . forme(j ^ a scate 

wh.rein «„. ,.n,«conducto.- chip i, ,.,„„.„ „ t „. ipner 
leads. i„ th . case et th> second enbod . mtn ^ t()e ^ 
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bonding process and re .<- p _ 

-=s-ene- together with ->e . • - -s 

re^--' * - > - • • e 

— .astener tape 27 0 . Al£ = / ....... 

-•- -..ecessary portions and the 



* P*-cess £ 

,,. „ ay t ,„ iirtt . -- 

i,M *« »• » — in „c. :o,,, „ ...... • 

«■■». manner by whiC h the : £ ad - r ... -, c , _ . 

s.,. . u CA as snow " in fig. 

-- Che cor.-.cu.- , s sh=w ., 

— ~ fio. 10(a) s c 
=««.ntio n .l r.lnforcin, 

;;*••"*- :ape 260 ,the ^ «. „ s 

5(a) through 5'c> a -e 

c * e crc «-sectionaI views 

--lustratir.g modified exano' es 

. fc P " eS °- ^conductor device 

°- the second embodimenr «rw 

6nC - The ""^conductor device as 
shown in rr G = * _ - as 

so. tltt „ m from the semie<>ndu 

««vlc. of the s .cond «bodi» nt , in t „. t . 

t..at t he surface of the 
semiconductor chip thereof which has th. i 
.. nas the electrodes is 

directed downward. The modified examn'., 

- ea examp.es as shown in FIG*. 

o(b) and 5(c), < Unci- 

1USt " te S — ^ctor devices which are 
obtained by modi'vina f h. 

«*-y*n» the semiconductor devices of the 

second embodiment and the modified ex.mnJ. 

* M exa "»Ple as shown in FIG. 



34 



5(a,, wherein the semi-spherical solders are no: 
instead, the top surfaces of the ' 
Erectly usee as the terminal portion.. :, -LV," ' • " 

--cause a protective frar« s -~- 

'■- -s -sec = e . 

surfaces 2223 of the -e-V-a" 

- = --?..-.. :33 are e>:=csec 
=-e outside, a checking operation by a 
«ssi:y perior.-sei. 

H.r.<„.,-.. : . , ..^..^.^ 

ia *""'""• « -----=' -sbodjMni ... ....... 

S ' ::iX,! Vie " . i8 „ 9 th . 

Ho-5€ of FIG. 6(c). Seca--^ = - 

3eca.se an outer appearance of the 

semiconductor device of the this third embodiment is 
substantially the same as that of the first embodimenc> u 
^ not illustrated in the drawi ngs . In 6 , ^ 

reference numeral 300 represents a semiconductor device 
310 a semiconductor chip, 312 bumps, 330 a lead frame, 33l 

inner leads, 331Aa a first svz'ace 33i Ah a 

sur.ace, 331Ab a second surface, 

M«c . t „ iia .„...„, 33ifla , ;ourth sutface> 

»p sur f iC e s . S40 , resin encapsulat<s _ 35Q a 
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reinforcing fastener rape - h . 

^pe. *a .he semiconductor dev-*. 

'his third embodiment, the s.-;-^.... 

c se .T._.oncuctcr chic - - - 

fastened to the second surfaces 332Afc - . " 

... . "* -eacs 

— cv.tr.e bumps 311 thereby to be electrical:-, re-,- -- 
to the second surfaces 331Ab. The . leac fr . R ," Z 



as a 



«".our shown in ric. 10,., . nd 13!t: , uS _ 
by ".he .tchiag process of r: G . .■_*""*" 

" :< ' !6 '' bo,h " id -- hi »* «* «* <*o»* llo'L.VZ 

"* '*- ' Cer ' :eC POr:; " • --«=fc«.-w i .. 
-e --= -.he feet :ha-. th . second surfaces , J:Ab 

-e.os 3:: de?tessed tows _. s sfc# e . th# ^ ^ 

«* «... .,,.«, 33:,. .... ..„, . desired f;neness 

e» ^ oh-.afned. „„, wh .„ t ,. ^ ^ ^ ^ ^ 

--••e ; ,,e.- ...„, 3 31 „. ...„„ , „ , , y ^ ^ 

semiconductor chiD via hi,fm, 

-P via oumps, easy connection can be 

accomplished as shown in FIG. "3(0, fh , - . 

* (o) • « urtner, in the 

cese of lhl . cMrd .^ dim . nI> in c>si o; ^ ^ 

•nd secono .^d iTO „„. tn . . a , c:rle . 1 cennectien 

th. r..ln-.ne.^„l.,. d „ mi =o„ duc:or devic . „„ of 
«bod iTOnt . nd .„ circoS; ^ schieved ^ 

th. r« S in-«nc.psul.t. d sesuconductor device 300 vi. th . 

Porcfons 333A each mad e of a se ml -spherical 

so3de., on , p rin « d elrcuit tubjtr>te> 

portion. 333, 3oca t e d on t he cop spaces of r„. ter „ inil 
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columns 333, respectively. 

In addition, unlike the semiconductor device c: 
i:.--st embodiment , the semiconductor advice of ; ;-- s 

embodiment uses a lead frame which is shaped by the 

5 process as shown in FIG. 12. However, the r.ar.u: = r - 

method of the semiconductor device of this embcdime-- 
substantially the same as that of the first embedment 
except that, while in the case of the first embodiment, -.he 
wire bonding process end resin encapsulating process ere 
1C performed in a state wherein the semiconductor chip , s 
fastened to the inner leads, in the case of this' third 
embodiment. the wire bending process and resin 
encapsulating process are performed in a state wherein the 
semiconductor chip 320 is fastened to the inner leads 331 
-= via the bumps. Also, the cutting process for the 
unnecessary portions and the terminal portion forming 
process after resin encapsulating process are implemented 
in the same way as the first embodiment. 

"G. 6(d) is a cross-sectional view illustrating a 
modified example of the semiconductor device in accordance 
with the third embodiment of the present invention. m the 
modified example of the semiconductor device as shown in 
"G. 6«j), the terminal portions each comprising the semi- 
spherical solder are not provided, and the top surfaces of 
the terminal columns are directly used as the terminal 
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portions. Because the prore— 

H-o.e e ..ame is not usee and : 

side surfaces 3333 of th« — 

n. -e c. coljr.r.s 333 are expes 

to the oucsiae, a c.necking operation, by a :e st, e-- 



easily performed. 

Hereinafter, 



encapsulates e erri ccr 

fou 

present invention will be describee. 



device in accordance with a *o— h 

c -o h er.oooir.ent 



r:G - 7 'a) is a cress 
sectional v^'pu n * 

• — ^e?su:a - ec serr.icond-c- ~ 

=evice of the fourth embodiment . ?:s . 7(b , . 

-s a cross 

sectic.-.al view iilustratinc ^ea- s --• 

. -ea_s , t = xe.-> along th 

lir.e A7- A e of r-G. 7(a), and TIZ. 7,-, - 

'twj -s a :ross-sec:ione 

view iilustratinc a tt-V-a' — 

—a..... .o..--, tsKen along the lin« 

B7-BB of riG. 7cb). 3eca.se an outer appearance of -he 
semiconductor device of the this fourth embodiment is 

substantially the same as that o* -re " * m s„-- 

- * ne embociment, it 

is net illustrated in the drawir.es. Ja r IG 7 . 

-n .it,. /, the arawing 

reference numeral .< 00 represents a semiconductor device, 
410 a semiconductor chip, m pads , O0 a . lead ^ 
inner leads, <3i Aa a first surface, OlAb a second surface, 
<3!Ac a third surface, OlAd a fourth surface, <33 terminal 
columns, <33A terminal portions, <333 side surfaces, «3S 
top surfaces, « 0 a resin encapsulate, and ,70 insulating 
adhesive. m the semiconductor device of this fourth 
embodiment, one surface of the semiconductor chip «10 on 
which the pads m are disposed is fastened to second 
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surfaces <31Ab of the inner leads <32 by the i-s,. : . 
adhesive <70, and the pads <ii £ -~- - . ... ... . 

o: the .r.ner leads 431 are eiec.r.caliy ccnnectec 
ether by wires 420. The semiconductor device cf 
fourth embodiment uses the same lead. frame which is use 
the third embodiment, which has the contour as shew: 
= . 10(a) and 10(b). Also, in the case cf this f : 
embodiment, as in the case cf the first and se: 
embodiments, the electrical connection between -.he res 
encapsulated semiconductor device sOO of this embodir 
ar.d an external circuit is achieved by mounting the res 
encapsulated semiconductor device ACQ via the termi' 
portions <33A each being mace of a semi-spherical sold, 
on a printed circuit substrate, with the terminal portic 
432A located on the top surfaces of the terminal colun 
<23, respectively. 

TIG. 7(d, is a cross-sectional view illustrating 
modified example of the semiconductor device in accordant 
with the fourth embodiment of the present invention. : 
the modified example of the semiconductor device as shov 
in FIG. 7(d), the terminal portions each comprising th 
semi-spherical solder are not provided, and the to 
surfaces of the terminal columns are directly used as th. 
terminal portions. Because the protective frame is not 
used and the side surfaces 433B of the terminal columns «3: 
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ere can be easily performed, 
isrrscrs or the invention j 

7h - Present invention provides £ 

semiconductor device employ in s the abov^""""""" 

^ - ~ . . e a i p = ~ 

— which is capable Qf meet,-, a *., tr , ; . ff " 
—ease, terminal ,^ er . ^ 

encapsulated semiconductor device - 

-•• -cccrsance wi-- .• s 
-ve.,-.,cn does not require a cro=e, s oi c --«- . 

. -5 =r oendi.-c 

. „ * " €c - -- ar, e havino 
ecds *» shown in r:s. . 

-v --s a result of : -.- s 

" "psulated sen-conductor dev- e does 

— s * - - — - . :;::.r e a 

sssociated w<-s 

h COplM "»y- I« addition to these 
•aval*.,.., the resin-encapsulated 

a . - c -e~-conauctor device has 

a snortened interconnection ^ na - . 

- 3GA, whereby the semiconductor device can h 
- a Parasitic capacity and sH 

Sh ° rtened in a delay 



<0 



